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Abstract 
Cell death is a normal feature within the chick 
chorioallantoic membrane, occurring principally 
between days 10 and 14 of incubation. 
Samples of chorioallantoic membrane were 
obtained on days 6, 8, 10, 12 and 14 of incubation, 
after the creation of artificial air chambers on day 
3. These were examined by scanning electron 
microscopy (SEM), transmission electron 
microscopy (TEM) after staining for acid 
phosphatase activity, and by light microscopy after 
demonstrating oxygen free radicals with nitro blue 
tetrazolium. On day 6, small defects in the 
plasmalemma, approximately 200 nm in diameter, 
could be seen by SEM. A sequence of events 
leading to complete destruction of the 
plasmalemma, with exposure of the nucleus and 
other cytoplasmic organelles, could be traced, and 
by day 8 the membrane was a mosaic of healthy 
cells and others in various stages of degeneration. 
TEM revealed that acid phosphatase activity 
was confined to the golgi apparatus and associated 
vesicles even in advanced stages of degeneration. 
By comparison, oxygen free radicals were 
demonstrated in individual cells from day 6 
onwards. Application of superoxide dismutase and 
catalase to the epithelium using a nebuliser spray 
significantly reduced the amount of cell death seen 
by scanning microscopy on day 12. lt is concluded 
that oxygen free radicals may mediate cell death in 
the chorioallantoic membrane. 
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Introduction 
During incubation the chorioallantoic 
membrane of the chick undergoes rapid growth 
and maturation in order that it can fulfill its dual 
functions as an organ of respiratory exchange and 
of calcium resorption from the shell. By days 10 -
11 it has expanded to cover virtually the entire 
inner surface of the shell, and the allantoic 
capillary network has achieved its maximal density 
(Fitze-Gschwind, 1973; Ausprunk et al., 1974; De 
Fouw et al., 1989; Burton and Palmer, 1989). The 
plexus still lies within the mesodermal layer, deep 
to the chorionic epithelium which comprises two 
layers of cuboidal cells. Between days 10 and 14 
of incubation, the capillary plexus invaginates into 
the epithelium, greatly reducing the thickness of 
the air-blood barrier (Leeson and Leeson, 1963; 
Fitze-Gschwind, 1973; Narbaitz, 1977; Burton and 
Palmer, 1992). During this process, the chorionic 
cells differentiate into two types; capillary -
covering cells which consist of flattened cell 
processes extending over the capillaries and 
interposed between them and the shell-membranes, 
and villus-cavity cells. The latter possess 
numerous apical microvilli, and due to their ability 
to synthesize high levels of carbonic anhydrase are 
believed to be involved in calcium resorption and 
transport from the shell (Coleman and Terepka, 
1972). 
During this period, there is also a considerable 
amount of cell death occurring within the 
epithelial layer of the membrane. By comparison 
with the other events taking place, such as 
angiogenesis and calcium transport, this aspect of 
the membrane's differentiation has received only 
scant attention. Skalinsky and Kondalenko (1962), 
Leeson and Leeson (1963), Coleman and Terepka 
(1972) all observed unusually dark cells with dense 
cytoplasm, distorted mitochondria and convoluted 
cell membranes from day 11 of incubation 
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onwards. These cells became very shrunken and 
could be seen lying between the epithelium and the 
shell membranes. 
Such a position makes it very difficult to study 
the history of these cells, but opportunities are 
offered by the technique of shell-less culture, or 
by the creation of an artificial air chamber within 
the shell. Both techniques allow extensive areas of 
membrane to be viewed by scanning electron 
microscopy (SEM) without the impediment of the 
shell-membranes. Differentiation of the chorionic 
epithelium appears to follow the normal course, 
although the number of allantoic capillaries and 
villous-cavity cells differentiating may be slightly 
fewer than in ovo (Narbaitz and Tellier, 1974; 
Dunn and Fitzharris, 1979). Using the artificial 
air chamber technique, Narbaitz and Tellier noted 
areas of cell debris accumulating on the membrane 
surface after 15 days incubation. By contrast, 
Dunn and Fitzharris reported SEM appearances of 
the chorioallantoic membrane in shell-less culture 
and observed isolated sites of cellular degeneration 
as early as day 10. At these membranes, the 
chorionic cells lacked a continuous plasmalemmal 
covering and such areas became more extensive by 
day 12. Degenerating cells were not observed 
from day 14 onwards. 
It is becoming increasingly apparent that cell 
death is an intrinsic process in the differentiation 
of many organ systems (Hurle, 1988; Clarke, 
1990; Bowen and Bowen, 1991; Allen, 1991 ). In 
view of this, the present study was undertaken to 
investigate the role that cell death may play in the 
maturation of the chorioallantoic membrane. Of 
particular interest was the mechanism by which the 
cell death was achieved, and the relative 
importance of lysosomal activation and of oxygen 
free radicals in this process. 
Materials and Methods 
Fertile eggs of the domestic chicken (Gallus 
domesticus) were incubated in ovo under 
humidified normobaric atmospheric conditions at 
37.5°C and turned twice daily. After 3 days, a 
small hole was made through the shell into the air 
space, and 2 cm3 of albumen was removed via 
syringe under sterile conditions. A small groove 
was ground through the uppermost part of the 
shell in the equatorial region and the shell 
membranes punctured with a sterile needle, so 
allowing the chorioallantoic membrane to drop 
away from the shell. Both openings were then 
sealed with wax. In a series of experiments, 10 
eggs were removed on each of days 6, 8, 10, 12 
and 14 of incubation for the following procedures. 
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Scanning electron microscopy 
On the appropriate day, the calcareous shell 
surrounding the uppermost hole was broken away, 
thus revealing the artificially created air space. 
The embryo was killed by injection with Euthatal 
and then fixative (3% glutaraldehyde and 0.5% 
paraformaldehyde in 0.1 M Pipes buffer, pH 7.2 -
7.3) was pipetted onto the surface of the 
chorioallantoic membrane. After 10 minutes, an 
area of membrane approximately 0.5 x 0.5 cm, 
was removed and fixed by immersion in the same 
fixative for a further 2 - 3 h. After a brief wash 
in Pipes buffer, the samples were then post-fixed 
in 1 % osmium tetroxide in 0.1 M Pipes buffer for 
l h, washed and then bulk stained overnight in 1 % 
uranyl acetate in 0.1 M maleate buffer (pH 4.2). 
After washing in maleate buffer, the samples were 
dehydrated through ascending concentrations of 
ethanol and refluxed in absolute ethanol for 2 - 3 
days. They were further refluxed in arklone for 2 
days before being critical-point dried, mounted on 
stubs using double-sided adhesive tape and coated 
with 20 nm of gold. The specimens were then 
viewed in a JEOL JSM 35 CF SEM operating at 15 
kV. 
The percentage of the surface area of the 
membrane covered by degenerating cells at 
various stages of incubation was assessed by point 
counting using a grid placed on the SEM screen. 
Acid phosphatase staining 
For demonstration of acid phosphatase activity 
within the chorionic cells, samples were lightly 
fixed by immersion in the above fixative for 0.5 h 
at 4'C. They were then incubated using a napthyl 
phosphate as the substrate and lead ions as the 
capturing agent for 2.5 h at room temperature in 
acetate buffer at pH 5.0, using a modification of 
the method of Bowen and Bowen ( 1991 ). Samples 
were then osmicated and bulk stained as above 
before embedding in Taab resin. Silver-grey 
sections were viewed either unstained, or after 
staining with uranyl acetate in 50% methanol and 
Reynolds lead citrate in a Phillips EM 300. Some 
samples were not embedded, but were dehydrated 
for SEM as above. These were carbon coated and 
then viewed using backscattered electron imaging. 
Demonstration of free radicals 
The presence of high levels of oxygen free 
radicals (superoxide, O2•-)within the chorionic 
cells was detected by incubating fresh samples in 
tissue culture fluid containing 2% nitro blue 
tetrazolium (NBT) (Sigma N-6876) for 15 minutes 
at 37°C. The samples were then washed, mounted 
on slides and immediately photographed. Three 
low-power (x25) fields were chosen in a 
systematic random fashion for each of 10 eggs per 
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sampling day of incubation. The percentage of the 
epithelium represented by cells reacting positively 
was estimated by projecting the resultant colour 
transparencies and point counting. 
To confirm that this technique was 
demonstrating 02·- 0.5 mg/cm3 of superoxide 
dismutase (SOD) (3;700 units/mg, Sigma S-5395) 
was added to the NBT stain. This reduced positive 
reactions to extremely low levels. 
Application of SOD and catalase to the membrane 
surface 
In order to determine the effect of boosting the 
free radical scavengers, both exogenous SOD and 
catalase (2,600 units/mg, Sigma C-6665) were 
applied to the membrane surface using a nebuliser 
spray (Agar Scientific). The precise dose was 
difficult to determine since the spray was 
extremely fine and some drift could have occured. 
However, approximately 100 µl of 2 mg/cm3 in 
phosphate buffered saline was applied twice daily 
to approximately 4 cm2 of membrane from days 8 
- 12 inclusive. The membrane was then removed 
and processed for SEM as before. Controls were 
sprayed with phosphate buffered saline alone. 
Results 
Qualitative observations 
. In t?e earliest samples examined, day 6 of 
mcubat1on, the surface of the chorioallantoic 
membrane consisted of a series of polygonal cells 
of varying shapes and sizes (Fig. 1 ). The 
membranes of adjacent cells were closely apposed 
and slightly elevated at the intercellular junctions, 
which were clearly visible due to the presence of 
numerous microvilli along their length. Microvilli 
were also present over the remainder of the cell 
surface, but the number and pattern of distribution 
varied widely between cells. 
In some cells small round defects 
approximately 200 nm in diameter were clearly 
visible at higher magnification (Fig. 2). In all 
other respects these cells appeared normal. By day 
8, however, cells could be observed in which such 
defects were more numerous (Fig. 3). The overall 
shape of the cell remained as before and the 
intercellular junctions appeared intact. However, 
the defects, sometimes widely scattered but in 
other instances restricted to only one region of the 
cell, were now often so close as to become 
confluent. Microvilli were notably absent from 
the remainder of the cell surface, and a prominent 
elevation presumably caused by the presence of the 
nucleus was clearly visible. 
With further progression, the defects became 
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confluent to the extent that the cell membrane 
appeared to be disintegrating over wide areas (Fig. 
4 ), exposing the cytoplasmic organelles. 
Other examples were seen where the 
disintegration was more extreme (Fig. 5), until the 
point was reached when the entire plasmalemma 
was lost (Fig. 6). At this stage, individual exposed 
cytoplasmic organelles became less distinct, 
suggesting some condensation or coagulation of the 
remaining cytoplasm. It was also impossible to 
identify cytoskeletal elements within these cells. It 
was only at this stage that the margins of the cells 
appeared to be lifting, indicating some loosening 
of intercellular attachments (Fig. 7). This 
represented the first sign of impending 
desquammation. 
The net result was that by day 8 of incubation, 
the chorioallantoic membrane appeared a mosaic 
of cells (Fig. 8). Many appeared entirely normal 
whereas neighbouring cells displayed various 
stages of plasmalemmal degeneration. No obvious 
pattern or set of cellular associations could be 
discerned. 
Acid phosphatase staining 
In general the ultrastructural preservation was 
very good despite the relatively light fixation. In 
this regard it was found that longer incubation at 
room temperature yielded better results than a 
shorter incubation period at 37°C. At day 6 a two-
layered epithelium could be easily identified (Fig. 
9), and reaction product was limited to the golgi 
apparatus and associated vesicles. By day 8, cells 
in an advanced state of degeneration were visible, 
and a typical example is illustrated in Fig. 10. 
There is a notable absence of microvilli and 
discontinuities in the plasmalemma can be seen. 
On the deep surface, the desmosomal attachments 
normally linking adjacent cells are compromised, 
confirming the loosening of the intercellular 
junctions seen by SEM. Within the cells the 
chromatin remains evenly dispersed throughout 
the nucleus, and swelling of the mitochondria, with 
distortion of the cristae, is a late event. 
!nte~~diate stages of degeneration could easily be 
1dent1f1ed, but at all stages reaction product from 
acid phosphatase staining was largely confined to 
!he golgi apparatus and associated vesicles. Only 
m the more advanced stages was reaction product 
visible in larger membrane bound vacuoles and it 
was never seen free within the cytoplasm (Fig. 
10). Similarly, SEM in the back scattered mode 
failed to detect any cells containing lead deposits. 
Demonstration of free radicals 
The reaction of free radicals with nitro blue 
tetrazolium resulted in an intense blue colouration 
of the cytoplasm within individual cells (Fig. 11). 
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The reaction product appeared granular under the 
light microscope, and was evenly dispersed 
throughout the cell. The fact that the reacting cells 
were within the chorionic epithelium could be 
confirmed by use of phase-contrast optics, and 
identifying their position relative to that of the 
chorioallantoic capillary plexus. In most cases, the 
reacting cells were isolated and neighbouring cells 
only displayed minimal background colouration 
(Fig. 11). On occasions, small clumps of 
positively reacting cells could be seen, but these 
could not be related to the position of the 
underlying vessels or any other morphological 
feature. 
Quantification on successive days of incubation 
of those cells displaying an intensely blue 
cytoplasm showed reactivity as early as day 6. 
Initially, this was at a low level which rose to a 
maximum around day 12 and then subsequently 
fell (Fig. 12). An analysis of variance showed 
these changes to be significantly different (F = 
5.03; df, 4: p<0.01). 
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Figure l. Day 6. The chorioallantoic membrane 
consists of polygonal cells bearing microvilli on 
their free surface. At their boundaries, the 
membranes of neighbouring cells are closely 
apposed and slightly elevated. 
Figure 2. Day 6. At higher power, small circular 
defects, approximately 200 nm in diameter, are 
visible in the plasmalemma of some cells. 
Microvilli are still present, although perhaps less 
numerous than on neighbouring intact cells. 
Figure 3. Day 8. An example of a cell with more 
widespread defects of the plasmalemma. The 
surface of the cell is now devoid of microvilli, and 
a conspicuous nuclear elevation is visible 
suggesting some loss of cytoplasmic volume. Note 
that the cell is still closely apposed to its 
neighbours. 
Figure 4. Day 8. More extensive damage of the 
plasmalemma, with confluence of the original 
defects and exposure of cytoplasmic organelles. 
Cell death in the chorioallantoic membrane 
Figure 5. Day 8. A more advanced state of 
degeneration where the plasmalemma has become 
disrupted over the entire nucleus and perinuclear 
region. Note that neighbouring cells appear 
normal. 
Figure 6. Day 8. A chorionic cell in which the 
entire plasmalemma has disintegrated exposing the 
nucleus and cytoplasmic organelles. Individual 
organelles are not as conspicuous as previously, 
suggesting either condensation or coagulation of 
the cytoplasm. The margins of the cell are still 
closely apposed to the membranes of neighbouring 
cells. 
Figure 7. Day 8. The final stages of degeneration 
in which a shrunken and condensed cell is 
beginning to detach from the epithelium. The 
dense microvilli of a villus-cavity cell are just 
visible (arrowed). 
Figure 8. Day 8. Low power micrograph 
displaying the variety of stages of cell 
degeneration visible at this stage of incubation. 
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Free radical scavenging 
For the purposes of quantification by SEM, 
cells in an advanced state of degeneration, 
equivalent to Fig. 6, were taken as unequivocal 
evidence of cell death. Estimates of the percentage 
of the membrane surface area covered by such 
cells on successive days of incubation are shown in 
Fig. 13. A rapid and significant rise was seen 
between days 8 and 10 but this then levelled off (F 
= 17.44; df, 4; p<0.01). 
The application of both SOD and catalase to 
the epithelium reduced the amount of cell death 
compared with the controls (Fig. 14). Analysis of 
variance showed these changes to be statistically 
significant, and multiple range tests confirmed that 
SOD was more effective than catalase at the same 
concentration (F = 10.59; df, 2; p<0.01). 
Discussion 
Few accounts of the scanning electron 
microscopical appearance of 'programmed' or 
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Figure 11. Low power view of a whole mount 
preparation showing positive staining by individual 
cells for oxygen free radicals using NBT. The 
pattern of staining is not related to morpholgical 
features such as the course of the underlying blood 
vessels. 
Figure 9. Day 6. Low power micrograph of 
control tissue showing the two layered chorionic 
epithelium. A. desmosome can be seen linking 
adjacent cells and acid phosphatase reaction 
product is limited to the golgi apparatus and 
associated vesicles. The underlying capillary is 
separated from the epithelium by a well developed 
basal lamina (arrowed). 
Figure 10. Day 8. Transmission electron 
micrograph of a superficial cell undergoing 
degeneration. Note the presence of discontinuities 
in the apical plasmalemma and the paucity of 
cytoplasmic organelles. The mictochondrion (M) 
appears normal and acid phosphatase reaction 
product is still limited to the golgi apparatus and 
occasional vesicles. The underlying chorionic cell 
displays normal cytoplasmic density and is resting 
on the basal lamina (arrowed). 
'physiological' cell death are available within the 
literature, presumably because of the comparative 
inaccessibility of the relevant cells in many 
developing systems. However, in those cases that 
have been examined the common features appear 
to be rounding and fragmentation of the cells, and 
the formation of numerous small holes within the 
plasmalemma (eg, Hurle and Hinchliffe, 1978; 
Hurle and Ojeda, 1979; Garcia-Porrero, Colvee 
and Ojeda, 1984 ) . 
In this study, because of the large areas of flat 
membrane available for examination and the 
temporal approach that was undertaken, it was 
possible to trace the sequence of events back to the 
initial appearances shown in Fig. 2. Although 
recognising that this material was obtained after 
the creation of artificial air chambers, we believe 
for the reasons presented earlier that these changes 
reflect those taking place during normal 
development in ovo. 
Clarke (1990) recently proposed three 
mechanisms by which 'programmed' cell death 
may occur. It is clear from the TEM results 
presented both here and in the studies of Skalinsky 
and Kondalenko (1962), Leeson and Leeson (1963) 
and Coleman and Terepka (1972) that the changes 
observed within the degenerating cells of the 
chorioallantoic membrane do not match those seen 
in classical apoptosis. Rather, they fit more 
accurately into Clarke's type 3 or non-lysosomal 
vesiculate degradation category. By contrast, the 
degenerating cells whose SEM appearances were 
referred to above were considered to be 
undergoing apoptosis. It is therefore apparent that 
at least two differing mechanisms of cell death 
may be manifested morphologically by the same 
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external appearances, i.e. punctate defects within 
the plasmalemma. 
Loss of integrity of the plasmalemma has been 
!dentifi~d as the key process resulting in 
mevers1ble loss of cell function and hence cell 
death (Trump and Berezesky, 1992). The decrease 
in cell death observed in the present study resultant 
upon administration of exogenous SOD and 
catalase strongly suggests that oxygen free radicals 
are involved in this process in the chick 
chorioallantoic membrane. There are several 
routes by which they could be effective in creating 
the lesions demonstrated. 
First!~, the hydroxyl radical (HO·) is a highly 
potent stimulator of lipid peroxidation. It is 
form~d from hydrogen peroxide in decomposition 
reactions catalysed principally by iron (II) salts 
(the Fenton reaction), but also by copper (I) salts. 
Exogenou_s catalase will assist in reducing 
c~toplasm1c levels of hydrogen peroxide and so 
w1l~ lower the rate of production of hydroxyl 
radicals. SOD on the other hand might be 
expected to have the reverse effect, since it will 
promote the conversion of superoxide radicals to 
hydrogen peroxide. However, as part of the 
Fenton reaction, the iron (II) salts become oxidised 
to iron (III). Superoxide radicals are thought to 
play a crucial role in reducing these salts so that 
the reaction can continue (Halliwell and 
Gutteridge, 1985). The net result is commonly 
referred to as the Haber-Weiss reaction:-
Oy + H
2O2 
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Figure 12. Bar chart showing the percentage of 
the. epithelium ~taining positive for oxygen free 
radicals at vanous stages of incubation (bars 
represent standard error of the mean). 
Figure. 13 .. Bar chart showing the percentage of 
the epithelium covered with degenerate cells on 
various days of incubation (bars represent standard 
error of the mean). 
Figure. 14 .. Bar chart showing the percentage of 
the epithelium covered with degenerate cells on 
day 12 after the administration of phosphate 
buffered saline alone, catalase and superoxide 
dismutase (bars represent standard error of the 
mean). 
~ence, by lowering the levels of superoxide 
rad1c~ls . SOD can protect against lipid 
perox1dat10n. Whether lipid peroxidation alone 
results in the morphological features 
demonstrated, or whether it renders the lipids 
more vulnerable to extraction during processing 
for SEM remains uncertain. 
Peroxidation will undoubtedly lead to various 
sec?nd~ry e'.fects, however, the most important of 
which 1s an mcrease in cell permeability and hence 
disruption of the normal ionic balance. A rise in 
cytosolic calcium ion concentration will ensue and 
this has been shown to precede cell death by a 
variety of mechanisms (Trump and Berezesky, 
1992). The source of the calcium may be from the 
extracellular space, from intracellular stores such 
as the mitochondria and endoplasmic reticulum or 
a combination of both. This will have wide 
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ranging consequences, but of particular relevance 
here is the activation of cytosolic phospholipases 
and proteases, which could further disrupt the 
integrity of the plasmalemma. It is notable that a 
rise in intracellular calcium levels is also often 
associated with rearrangment of cytoskeletal 
proteins, including actin. This could account for 
the withdrawal of the surface microvilli seen 
contemperaneously with the first appearance of 
defects within the plasmalemma. 
Alternatively, it has been proposed on the basis 
of work done on a model system of macrophage-
like cells that the primary effect of oxygen free 
radicals is to destabilise lysosomal membranes, 
leading to release of their lytic enzymes into the 
cytoplasm (Zhang et al., 1992). These authors 
argue that since hydrogen peroxide is non-polar it 
can be distributed easily through all cell 
comparments. Within lysosomes it will react with 
iron (II) salts to form hydroxyl radicals, which 
because of their extremely short half-life will only 
be effective locally. The lysosomal membranes 
will therefore be the principal target for attack and 
destruction of the plasmalemma is believed to be 
the result of secondary damage caused by the 
liberated lysosomal enzymes. Mitochondrial 
damage and disruption of the cells energy balance 
appears to be a relatively late event. Although the 
absence of cytoplasmic staining for acid 
phosphatase activity in the present study does not 
support a role for this mechanism of cell death in 
the chorioallantoic membrane, it is possible that 
once released from the lysosomes, the 
concentration of the phosphatases fell too low for 
them to be detected by the methods employed. 
The substrate a-napthyl phosphate was used, 
however, because of its high sensitivity due to its 
ability to act as a substrate for many acid 
phosphatase isozymes (Bowen and Bowen, 1991 ), 
and so this is perhaps unlikely. 
It is clear from many developing systems that 
bursts of free radical formation can play a major 
role in cell differentiation by altering gene 
expression (Allen, 1991 ). Whether the cell death 
observed within the chorioallantoic membrane is a 
planned event aimed at reducing the cell number 
and hence the thickness of the air blood barrier, or 
the result of individual cells being unable to cope 
with a burst of free radical formation designed to 
stimulate the differentiation of villus-cavity cells 
remains to be determined. 
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Discussion with Reviewers 
B.E. Dunn: How can one be certain that the 
described changes in the chorionic epithelium do 
not represent artifacts of preparation? For 
instance the defect in the top left hand comer of 
the cell shown in Fig. 4 appears to be a tear. 
Authors: We accept that the defect in question is a 
tear, and indeed is an artifact. Peroxidation of 
membrane lipids by oxygen free radicals 
undoubtedly leads to changes in membrane 
fluidity. Although we tried to reduce shrinkage 
during dehydration to a minimum by use of the 
soxholet-ethanol-arklone reflux system, it is 
possible that tensions still arose within the cell 
membranes. We believe that any artifactual tears 
can be clearly distinguished by their 
morphological appearances from the more 
punctate membrane defects thought to be caused by 
free radicals. However, because of this common 
causality it is likely that the two types of feature 
may be demonstrated by the same cells. 
Although not described in this paper we also 
stained unfixed chorionic epithelium at different 
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stages of incubation by 30 sec immersion in 0.25% 
silver nitrate solution. Silver deposition was 
observed in isolated cells, and quantification by 
point counting produced results which almost 
exactly matched those from the SEM study. This 
technique has been used to identify endothelial 
cells with membrane defects (Pfeffer et al., 1981 ). 
The similarity of the qualitative observations and 
quantitative data confirmed to us that the defects 
seen in SEM were occurring in vivo and were not 
the result of either fixation/dehydration 
procedures or electron bombardment. 
B.E. Dunn: Does the distribution of degenerating 
cells observed by low power scanning EM 
resemble that seen by NBT staining (Fig. 11 ), thus 
showing correlation between the two methods? 
Authors: Very much so. No obvious pattern of 
cellular associations could be seen with either the 
SEM, NBT or silver nitrate technique. In each 
case the degenerating cells appeared to be 
distributed at random, either singly or in small 
clumps. 
B.E. Dunn: It has been shown previously (Dunn, 
Graves and Fitzharris, 1981, Develop. Biol. 88: 
259-268) that artificial air space chorioallantoic 
membrane (CAM) does not transport calcium in 
vitro as well as does CAM developing next to the 
shell membranes. Are there ultrastructural 
differences between artificial air space and 
'normal' CAM to account for such differences in 
function? 
Authors: This question was not addressed in the 
present study. However previous work has shown 
that although villus-cavity cells still differentiate in 
artificial air space CAM they are fewer in number 
thari in 'normal' CAM (Narbaitz and Tellier, 
1974 ). Capillary development was also retarded. 
T.P. Fitzharris: If cell death patterns are 
programmed, why would you expect to see a 
reversal of numbers after treatment with 
exogenous agents? 
Authors: The mechanisms involved in 
programmed cell death are only beginning to be 
understood, but there is evidence from several 
biological models that variations in the levels of 
free radicals can play an important role in 
development (Allen, 1991 ). It is possible that 
programmed cell death could occur through either 
a burst of free radical production or a fall in the 
level of scavenging, both of which could be 
genetically controlled. In either situation 
application of exogenous agents could therefore 
protect the cells and prevent degeneration. 
A. Easterling et al. 
T.P. Fitzharris: Have you maintained 8-12 CAM 
in culture to see if the pattern persists. 
Authors: Not yet. The aim of the present study 
was to investigate events taking place at the time 
when cell death occurs in ovo. 
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